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Abstract
The Astrophysics Directorate of CONIDA has installed two radio spectrometer
stations belonging to the e-CALLISTO network in Lima, Peru. Given their
strategic location near the Equator, it is possible to observe the Sun evenly
throughout the whole year. To calibrated the antennas we analyzed the radio
ambient background and measured their radiation pattern and beam-width. The
stations took data from 2014 until 2016 in the metric and decimetric bands look-
ing for radio burst. To understand the solar dynamics in these radio frequencies
we have selected and analyzed type III Solar Radio Bursts candidates. The study
of these bursts helps to understand the electron beams traversing the solar corona
and the solar atmospheric density. We have obtained standard mean values for
the associated plasma parameters with a starting negative frequency drift rate
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of -49.5 MHz/s and a later positive drift of 190.5 MHz/s, duration of 1.7 s and
114.3 MHz bandwidth.
Keywords: CALLISTO, solar radio burst, RFI, drift rate.
1. Introduction
The CALLISTO (Compound Astronomical Low frequency Low cost Instrument
for Spectroscopy and Transportable Observatory) (Benz, Monstein, and Meyer
(2005); Benz et al. (2009); Monstein (2020)) radio spectrometers make the e-
CALLISTO network with more than 50 stations installed around the world in
several locations. The main scientific goal of the network is to monitor all types
of solar radio bursts at a wide range of frequencies (i.e. from 45 to 870 MHz).
The most common transient bursts are type III Solar Radio Bursts (SRBs),
which have been studied for more than 60 years. They last a few seconds with
a characteristic rapid drift from higher to lower frequencies over time (Reid and
Ratcliffe (2014)). Their frequency drift rate has been deeply analyzed (Suzuki
and Dulk (1985)). These bursts, found in the metric and decimetric bands, are
considered to originate near to the particle acceleration regions during solar flares
(Me´sza´rosova´ et al. (2008a)). Usually, low–frequency solar radio emission occur
in the solar atmosphere, including flares, coronal mass ejections and shocks,
that produce particle fluxes that reach Earth. These radio burst can be used to
probe the solar atmospheric density and to indirectly measure the height where
they occur (White (2007)). They are a signature of near-relativistic electrons
traversing the solar corona plasma. Thus, they are a tool for indirectly tracing
these electrons studying the solar coronal plasma and the plasma of the solar
wind.
In addition, SRBs can cause noise in sun-facing antennas, degrading or pre-
venting over-the-horizon communications, and in air-to-ground signals with di-
rect line-of-sight to the Sun (MacAlester and William (2014)). The importance
of this noise will be related, among other factors, to the solar incidence angle,
the antenna pattern and the tracking algorithm (Yue et al. (2018)).
We have installed in 2014 two CALLISTO spectrometers with an LPDA (Log-
arithmic Periodic Dipole Array) antenna in two sites in Lima, Peru, with the aim
to study SRBs. The stations were part of an agreement of the International Space
Weather Initiative (ISWI), sponsored by the United Nations Office for Outer
Space Affairs (UNOOSA), NASA and JAXA, at the 50th anniversary meeting
of the International Geophysical Year (International Heliophysical Year (IHY
2007)). In 2015 the e-CALLISTO stations in Peru were unique in their time-
zone (i.e. GMT-5) coverage. Currently, there are more instruments covering this
time zone. Similar stations have been deployed elsewhere (Zavvari et al. (2016);
Prasert et al. (2019)) and other type III SRBs have also been characterized
and analyzed using e-CALLISTO stations (Ansor, Hamidi, and Shariff (2019);
Hamidi, Ramli, and Shariff (2019); Hamidi et al. (2016); Ali et al. (2016); Ramli
et al. (2015)).
This work is divided as follows: we describe in Sec. 2 the commissioning
of the radio spectrometer stations, which includes a prior study of the radio
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frequency interference background in both sites and the measurement of the
radiation pattern and beamwidth to characterize the antennas. Then, in Sec. 3
we give a summary of the main characteristics of type III SRBs that we study.
In Sec. 4 we present observations of radio bursts candidates recorded with the
installed e-CALLISTO stations. With the filtered data we analyzed the features
and dynamic spectra of type III SRBs, inferring the plasma parameters of each
isolate burst (i.e. drift rate, bandwidth and duration). Finally, in Sec. 5 we give
our conclusions.
2. Commissioning of e-CALLISTO Stations in Peru
Two e-CALLISTO stations have been commissioned in 2014 in Lima, Peru, by
the Astrophysics Directorate of CONIDA (Comisio´n Nacional de Investigacio´n
y Desarrollo Aeroespacial), as part of the global network. CALLISTO NA-07
was installed in San Isidro district at the main offices of CONIDA (-12◦06’51”
S, -77◦03’27” W) and CALLISTO NA-12 in Pucusana district (Punta Lobos)
at the CONIDA scientific site (-12◦30’18” S, -77◦47’56” W), as shown in Fig. 1.
The facilities have operated between 2014 and 2016 and are currently available
for further use.
Each station has an LPDA antenna with 23 elements in a fixed position
covering the 70-1000 MHz range. The front-end electronics comprise a low noise
amplifier ZX60-33LN-S+ from Mini-Circuits, connected through a coaxial wire
to the e-CALLISTO spectrometer, which was built in Anchorage, AK, USA,
by W. Reeve. The data are transferred via a RS-232 cable to a computer. The
complete setup is shown in Fig. 2.
Figure 1. LPDA antennas installed in San Isidro site (left), city center and in Pucusana site
(right), city outskirts of Lima, Peru.
The CALLISTO spectrometer is a programmable heterodyne receiver de-
signed by C. Monstein (Benz, Monstein, and Meyer (2005), Monstein (2020)),
that operates in the 45-870 MHz bandwidth and can continuously observe the
solar radio spectrum. It can record up to 500 frequencies per spectrum. For
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Figure 2. e-CALLISTO station schematics, including LPDA antenna and spectrometer.
200 channels, the time resolution is 0.25 s and the integration time 1 ms. Each
channel has 300 kHz bandwidth. Its dynamic range is larger than 50 dB.
It should be noticed that the antenna and spectrometer frequency coverage
are slightly different. They superpose between 70 to 870 MHz, while the 45 to
70 MHz range can be recorded by the spectrometer, but is outside the antenna
range. On the contrary, from 870 to 1000 MHz the spectrometer cannot register
any signal that could be observed by the antenna.
2.1. Radio Frequency Interference
To calibrate the stations we analyzed the Radio Frequency Interference (RFI), a
background to the antenna measurements, that can be caused by electromagnetic
induction and electromagnetic radiation emitted from external sources. In the
worst case, this can turn into a total loss of data. Thus we seek to identify
radio-quite zones, free of interference, for radio-astronomy. The National Fre-
quency Allocation Plan (PNAF Ministerio de Transporte y Comunicaciones -
Peru (2008)) summarizes the frequency bands given in the 9 kHz to 300 GHz
range to all telecommunication services in Peru. However, there are geographic
considerations and in-situ measurements that must be performed.
The interference measurements were done with a simple dipole. We used a
spectral analyzer INSTEK GSP-GW-830 for frequencies from 9 kHz to 3 GHz,
with more power from 45 MHz to 870 MHz. RFI data were taken in 2014 in San
Isidro at 10:25 (UT-5) on May 20 and in Pucusana at 14:28 (UT-5) on May 15.
In Fig. 3 we show the RFI intensity as a function of frequency for both sites.
The interference in San Isidro is very intense, because it is located inside the city,
where there are several telecommunication activities and transmitters. This large
background is a problem for solar monitoring. Instead, the Pucusana site has
fewer peaks, lower background noise, since it is located in the outskirts of the city
and has a natural terrain shielding given by the surrounding hills. However, these
barriers shorten the number of Sun observation hours (from 15:00 to 19:00 hours
UT). Therefore, we consider the Pucusana site to be the best option for SRBs
observations. The range of our reported radio bursts observations is between 70
to 250 MHz.
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Figure 3. Radio Frequency Interference intensity as a function of the frequency, measured
with a simple dipole at San Isidro (blue) and Pucusana (red) sites.
2.2. Radiation Pattern and Beamwidth
The sensitivity of the LPDA antennas were characterized by determining their
radiation pattern and beamwidth. Each antenna was connected to the spec-
trum analyzer to measure the reception maximum power. The reference signal,
centered at 481.76 MHz, was emitted by the repeater antenna of the National
Institute of Radio and Television of Peru - IRTP (Ministerio de Transporte y
Comunicaciones - Peru (2020)), located at an altitude of 278 masl in Marcavilca
hill (Chorrillos district, Lima). We oriented the antenna horizontally from the
largest to the smallest dipole heading for Marcavilca hill located at 8.3 km from
the San Isidro site. Once the IRTP signal was found, we oriented the antenna
such that it provided the maximum power and from that point, we rotated the
antenna a full 360◦ sweep, in 10◦ steps. The same procedure was performed to
the antenna at the Pucusana site.
Figure 4. LPDA antennas radiation patterns in Cartesian coordinates: measured with the
spectral analyzer in San Isidro site (blue) and Pucusana site (red). The dashed black lines
mark the beam-width at -3 dB (green dashed line).
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In Fig. 4 we show the field measurements of the radiation patterns at both
sites in rectangular coordinates. The beam-width, the angle between the points
where the signal strength is half of its maximum radiated power (-3 dB), obtained
experimentally was 41◦ for the San Isidro site and 43◦ for the Pucusana site.
3. Type III Solar Radio Bursts
Type III Solar Radio Bursts (SRBs) are intense radio emissions radiated by
energetic electrons traversing open magnetic field lines from the low corona. This
is achieved via the plasma emission mechanism (Gopalswamy (2010)), which is
very efficient at converting electron energy into electromagnetic radiation (White
(2007)). They are sometimes associated with active regions and flares. However,
they can be seen at times when there is no activity at other wavelengths (e.g. no
GOES-class events (McCauley (2017))). Nevertheless, weaker flares may or may
not have associated type III SRBs depending on the magnetic field configuration.
They are the most common type with frequencies ranging from 0.01 to 1000
MHz. The defining property of this type is its high frequency drift rate df/dt
(Prasert et al. (2019)). The drift rates have been studied in different frequency
ranges. In Zhang, Wang, and Ye (2018), they found for the 10–80 MHz range
an average drift rate of -7 MHz/s, while in Me´sza´rosova´ et al. (2008a) for a
broader frequency study from 950 to 2500 MHz, the estimated drift rate was ±
500 MHz/s for narrow bursts with bandwith of about 100 MHz. The following
power law relation between drift rate and observing frequency for the 200-3000
MHz range was found in Aschwanden et al. (1995): |df/dt| = 0.1f1.4 MHz/s.
These bursts can occur singularly, in groups or in storms and can be accompa-
nied by a second harmonic (i.e. another event produced at twice the frequency
of the first one (Labrum (1971))). The duration for single bursts is 1-3s, for
bursts in groups ranges from 1 to 5 minutes and in storms from minutes to
hours (Prasert et al. (2019)).
4. Radio Observations with the Peruvian e-CALLISTO
Stations
The e-CALLISTO stations in Peru took data from 2014 to 2016. For this study,
we searched for radio bursts from the observational data taken by the CAL-
LISTO NA-12 station located at the Pucusana site (Lima, Peru). The station
in San Isidro, given its intense RFI, has no SRB data. Most signals are also
saturated by the RFI at the Pucusana site. We have selected two radio bursts
candidates for this analysis. They took place at 15:37:29 UT on January 26, 2015
(SRB1) and at 17:17:26 UT on June 30, 2015 (SRB2).
These data have been processed and cleaned, as described in Chang et al.
(2015), as follows:
i) Convert the raw data units into dB by multiplying the data with the con-
version factor (Cf ) that depends on the e-CALLISTO spectrometer: Cf =
2500[mV]/(255[ADU]× 25.4[mV/dB]), where ADU stands for Analog Digital
Units.
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ii) For each frequency, subtract the median value over time (i.e. 15 min). This
step removes the time independent low-level standing-wave pattern.
iii) Apply to the data a multidimensional Gaussian filter, which is implemented
as a sequence of one-dimensional Gaussian filters.
iv) Normalize the intensity from 0 to 8 dB, obtaining the final spectrum.
In Fig. 5 we show the zoomed-in dynamic spectra of these two events. The
observed events correspond to single type III SRBs candidates.
Figure 5. Dynamic spectra of radio bursts observed at 15:37:29 UT on January 26, 2015
(top) and 17:17:26 UT on June 30, 2015 (bottom).
To verify the frequency ranges of interest, where the signal is significantly
over the background, we compare the measured spectra with the data from one
day before without signal (background), as seen in Fig. 6. For data including
the signal, we calculate for each frequency the average intensity over the time
interval of the burst (i.e. ≈ 2 s). In the case of background, we take the average
over 15 min around the same time of the event. Using the significance ( S√
B
), we
can apply a cut at 2.5 σ to select the frequency signal range to calculate the
drift rate, as described later.
After searching in the National Oceanic and Atmospheric Administration
(NOAA) and e-CALLISTO databases, we found no other recorded data cor-
related to SRB1. For SRB2 we identified a possible associated NOAA radio
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Figure 6. Spectrum comparison between data (blue line) and background (red line) for SBR1
(left) and SBR2 (right). The background is obtained from a similar measurement one day before
without signal. The green line shows the significance.
burst event at 17:19:00 UT on June 30, 2015 from 25 to 180 MHz (NOAA
(2015)). There were also other type III events at different moments. In addition,
the GOES X-ray type C1.0 event at 21:48:00 UT on the same day might be
correlated.
4.1. Type III Solar Radio Bursts Parameters
The recorded radio spectrum is used to study the characteristics of the type
III SRBs. The most important feature of these SRBs is their frequency drift
rate. The drift rate is the positive or negative displacement of the frequency
representing the burst peak flux in a time interval (Reid and Ratcliffe (2014)).
The drift rate is given by:
D =
df
dt
=
ff − fi
tf − ti (1)
where fi and ff are the frequencies corresponding to the peak flux at the starting
(ti) and end (tf ) times of the burst, respectively.
To calculate D we follow this procedure. First, we construct the light curves
of each measured channel (frequency) of the spectrometer, excluding the fre-
quencies below 2.5 σ significance, as discussed before. For each remaining light
curve, we fit a Gaussian profile around the peak flux. Examples of some fitted
light curves of SRB2 event are shown in Fig. 7. From the fit we take the time
corresponding to the center of the Gaussian, which together with the specific
frequency form an ordered pair. These pairs are drawn in a scattered plot as
seen in Fig. 8 for SRB1 and SRB2, respectively. We observe a linear dependency
representing the frequency drift rates, which are estimated from a linear regres-
sion of these points. To obtain the observed duration of the bursts, we get the full
width at half maximum (FWHM) of each light curve peak Gaussian fit. Then,
the duration is taken as the average of these FWHMs (Zhang et al. (2019)).
SRB1 shows initially a negative drift rate of -59.0 ± 4.6 MHz/s, where the
emission shifts from high to low frequencies (i.e. from 170 to 122.6 MHz) and
later a positive drift of 177.5 ± 12.6 MHz/s, ranging from 75.3 MHz to 53.6
MHz. Its total duration was 1.75 ± 0.04 s and its bandwidth was 116.5 MHz.
We also analyzed SRB2 finding a starting negative drift rate of -40.0 ± 8.2,
ranging from 161.4 MHz to 122.6 MHz, and a later positive drift of 203.4 ±
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Figure 7. Light curves of SRB at 17:17:26 UT on June 30, 2015 for different frequencies. The
red line represents the Gaussian fit to the peak.
Figure 8. Frequencies of the peak flux for each LC and associated times from SBR1 (left)
and SBR2 (right). The red and blue lines represent the linear regressions with different slopes
used to find the drift rates.
12.1 for positive drift, ranging from 83.8 MHz to 49.2 MHz. The total duration
of SRB2 was 1.60 ± 0.04 s and its bandwidth was 112.2 MHz. Negative drift
rates are standard for type III SRBs. This can be attributed to electron beams
moving away from the solar surface up to the high corona along open field
lines, from regions of high to low densities (Robinson and Benz (2000); Baolin
et al. (2019)). However, the drift rates can change to positive values at times,
where the electron beam propagates toward the Sun. Another interpretation
tells that, for decameter bursts, this can be caused by the group velocity of
electromagnetic waves generated by fast electrons being less than the velocity
of these electrons, even if the beam moves outward from the Sun (Melnik et al.
(2015)). Other studies suggest that the drift sign change for decimetric bursts
is due to electron beams trapped in moving plasmoids, which are semi-closed
magnetic field structures. These electron beams are travelling in descending and
ascending legs of the magnetic structures. These phenomena can be produced by
narrow-band type III bursts with positive or negative drift rates (Me´sza´rosova´
et al. (2008b)).
5. Conclusions
We have installed and commissioned two e-CALLISTO stations in Lima, Peru.
The main advantage of installing solar monitors in Peru is our strategic location
near the Equator, making it possible to observe evenly the Sun the whole year.
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We have calibrated the antennas measuring their radiation pattern and beam-
width and compared them with simulations. In addition, we have analyzed the
ambient background noise, showing that the San Isidro station had an intense
RFI, not suitable for identifying SRBs, since the station was inside the city.
However, the Pucusana station had a lower background due to the natural terrain
shielding and distance to the city.
Once the system was commissioned, we took data looking for solar bursts
candidates. We have shown that the Peruvian e-CALLISTO station in Pucu-
sana was able to observe SRB events in the metric band. Two type III SRBs
candidates have been analyzed and characterized from their observed frequency
spectra. They present first a downward mean frequency drift rate of -49.5 MHz/s
and later a mean positive drift of 190.5 MHz/s, a duration of 1.7 s and 114.3
MHz bandwidth.
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